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Carbon is a basic and important element on earth. Carbon nanostructures in zero, 
one and two dimensions offer great potential in a broad range of applications. 
Since the discovery of carbon nanotubes (CNTs) by Iijima in 1991, these novel 
materials have attracted great attention in the area of physics, chemistry and technical 
industry. A carbon nanotube can be regarded as a seamless tube curled by graphite 
layers. Because of their extraordinary physical and mechanical properties such as 
nano-size, large surface area, good conductance and high mechanical strength, carbon 
nanotubes are attractive for a diverse range of applications in panel displays, quantum 
wires, sensors, super-capacitors and hydrogen storage. In particular, CNTs can be 
arranged as highly parallel CNT arrays, with thousands of independent carbon 
nanotubes in consistent orientation. The CNT arrays can be useful because of the 
enhanced thermal conductivity and charge transport properties along the axial carbon 
nanotubes. Scientists and enterprisers are attracted into the research of carbon 
nanotube arrays deeply. 
Graphene, a monolayer of carbon atoms packed into a dense honeycomb crystal 
structure, has attracted tremendous attention from both the experimental and 
theoretical scientific communities since it was found in 2004. Due to the unique 
nanostructure and extraordinary properties, graphene based materials have shown 
promising applications in electronics, optics, magnetic, biomedicine, catalysis, 
sensors, energy storage etc.  
 In this paper, we studied the preparation, characterization and primary 
application of two carbon nanomaterials: carbon nanotubes (CNTs) and graphenes. 
The detail research contents and results are summarized as follows. 
Chapter 1: We briefly describe the physical properties, synthesis, applications 
and recent development of carbon nanotube arrays and graphene. The contents and 
purpose of our research are clarified. 
Chapter 2: Aligned carbon nanotube (CNT) bundles with adjustable arrays are 
fabricated by a non-lithographic and low-cost strategy. A polystyrene/ferrocene 
patterns on Si substrate was prepared through controlled mesoscopic dewetting of 
dilute polystyrene/ferrocene solution. A variety of regular patterns, including ladder, 
stripe and scale, were synthesized simply by changing the solution concentration. UV 















structure-directing agent. In the sequent pyrolysis, polystyrene skeleton was 
decomposed and ferrocene was converted into the skeleton of inorganic patterns 
simultaneously. Aligned CNT bundles guided by the catalytically functionalized 
inorganic patterns were initiated to grow. In addition, ultra-long CNT arrays with 
columnar and honeycomb structures are prepared The products are identified by a 
variety of characterization techniques such as scanning electron microscopy (SEM), 
transmission electron microscopy (TEM), X-ray photoelectron spectra (XPS), atomic 
force microscopic (AFM). Then, the mechanism of patterned CNTs growth is fully 
discussed. 
Chapter 3: The CNT arrays with length up to 4 millimeter are synthesized by 
Chemical Vapour Deposition (CVD), and the products are identified by SEM and 
TEM. Moreover, aligned CNT-resin composite are prepared by the in-situ injection 
molding method. This method can efficiently ensure most CNTs remain aligned in the 
composite with all tips protruding out of both surfaces. The anisotropy of CNT 
arrays-resin composite in its thermal conductivity and electronic conductivity are 
successfully detected. 
Chapter 4: three-dimensional (3-D) graphene is directly synthesized by 
template-directed Chemical Vapour Deposition, which can significantly improve the 
thermal conductivity and electronic conductivity. Furthermore, the process of 3-D 
graphene growth is observed in situ Raman spectrometry. Besides, Graphene 
nanosheets are prepared and used as an efficient host and good electronic conductor of 
the sulphur cathode. By a modified Hummers’ method, the graphene nanosheets are 
synthesized. The sulphur-graphene nanocomposite was prepared by a simple 
melt-diffusion strategy. Superior lithium storage performances of the flexible 
sulphur-graphene nanocomposite have been revealed.  
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